The radiological hazard indices were determined using NaI(Tl) detector for twenty six collected rock samples from Abu Rusheid area, South Eastern Desert, Egypt. The Eastern Desert of Egypt is a source of granitic rocks used for uranium mining and also used as raw materials for building.For this reason cataclastic (mylonitic) rock samlpes were investigated to evaluate the radiation hazard indicators and compare them with the world average values.The results show that the distribution of radionuclides activity concentrations in the rock sample varieties affects the values of the absorbed dose rate in the studied rocks to be higher than the worldwide limit that are not safe for human. The average values of the total annual effective dose varied from 3.30 to 7.51 mSvy -1 and the lifetime cancer risk ranged from 2.31to 5.25. From the radiation protection point, the results were found above the worldwide average. These data record the radioactivity background levels in rock samples and could be used as reference information to assess any changes in the radioactivity background level due to different geological processes in the investigated area.
Introduction
The study of radionuclides and their generation in natural samples has become one of the most important issues due to its impact on human health, plant and animal. Gamma ray surveys are used in geological, geochemical and environmental mapping for mineral exploration, Natural radioactive elements such as uranium, thorium can be found everywhere in the world [1] . Natural radioactive materials such as uranium and thorium chains in addition to potassium are found in different percentages in soil, water, animal, human, oil and phosphate [2, 3] . The variation in radionuclides concentrations of soil depends on the mineralogical composition, chemical composition, and physical properties [4] . All raw materials and products derived from rock and soil contain various amounts of mainly natural radionuclides elements. Exposure to radiation is classified into: the external exposure as a result of gamma rays and the internal exposure due to the inhalation of radon, thoron and their progeny. These radionuclides are the sources of the external and the internal radiation exposures in dwellings, mining sites, nuclear facilities. The activities of radionuclides depend on geological and geographical conditions as well as geochemical characteristics of those materials. The importance of studying the radiation level and radionuclides distributions in our environment comes from the continuing human population growth and man made nuclear activities. The earth's natural radiation comes from the presence of radioactive elements such as thorium, uranium and potassium in the environment at different levels due to geological and geographical conditions and is the main cause of external exposure due to the emission of gamma rays [5] . Many previous works have linked cancer with radiation from natural and non-natural sources. This includes lung cancer, breast and thyroid glands. Long exposures lead to a greater the risk of cancer, although it appears after decades of exposure and is no different from cancer caused by other factors [6] . Various human activities involving the use of radioactive materials and radiation tend to cause radiation exposure in addition to the natural exposure. An example of such activities includes mining, processing and the use of raw materials, which NORM. Many studies have investigated the radioactive elements in different rock samples. From the radiological point, the area under study attracted the attention of several authors [5, 7, 8] .
The present work aimed to assess the natural radionuclides and the radiological hazard indices in samples collected from Abu Rusheid area, which is used as an exploration area for uranium mining, and may also be used as building materials in the future, using [NaI(Tl)] gamma ray spectroscopy, to assess the radiological risk associated with among processing and the accumulated effluent in the investigated area.
Geology of Abu Rusheid
The area of Wadi Abu Rusheid, Wadi Nugrus and Wadi Sikait comprises two napes (ophiolite rocks and arc assemblage), separated by ophiolitic mélange. These rocks associations are intruded by intracratonic gabbroic and granitic rocks [9, 10] . The rocks are generally intensively deformed and show clear gradual variation from low grade green schist facies, through the medium grade amphibolite facies (staurolite -kyanite -silliminite facies) [11] . It is mainly constituted of metaperidotites, meta-pyroxenites, layered metagabbros and ortho-amphibolites [12] . The detailed geologic of the study area (3.0 km 2 ) is characterized by low to moderate topography. Abu Rusheid granitic pluton is elongated in north west to south east (12 km in length) and is thinning in north east to the south west (3 km in width). The cataclastic rocks occupy the core of that granitic pluton. The granitic rocks are represented from the NW direction by porphyritic biotite granites followed by deformed biotite granites and two mica granites (abundant garnet and kyanite crystals), whereas the muscovite granites occupy the SE part of the pluton [7, 13] .
Materials and Methods
Twenty six cataclastic (mylonitic) rock samples were collected from Abu Rusheid, South Eastern Desert, Egypt. The samples were analyzed by gamma ray spectroscopy [NaI(Tl)] to determine the natural radionuclides concentration and the radiological hazard indices for the studied area. The samples were collected at an equal distance of 50 m between each other, then dried in air for four days and Then dried at 105 ° Cfor 4 hours to remove moisture completely.The samples were homogeneously crushed down to 200 mesh, which is the most suitable size for heavy minerals, and were put in circular plastic containers 10 cm diameter and 3cm height, it is then closed for four weeks until equilibrium occurs between the parent and daughter nucleus [14] . To ensure that radon and radon decay products exist within the same sample. The measuring system consists of NaI(Tl) crystal, 76x76 mm detector housed in thick lead shield. The detector is also connected with PCA-8000 computer based, 8192 multichannel analyzer. The gamma ray spectroscopy system was calibrated before it is used. The 1460 KeV photo peak was used to evaluate the 40 [16, 17] . Using radiation activity of radionuclides, the risk factor was calculated including ; radium equivalent activity, absorbed dose, annual effective dose, gamma index, external and internal hazard index, excess lifetime cancer risk and annual gonadal equivalent dose. These parameters are indicators of the health status of the human beings and environment. 
Radium equivalent activity (Ra eq )

Absorbed dose rate (D)
The absorbed dose rate in air (D) depends on the specific activity of 226 Ra, 232 Th and 40 K , was calculated using the following equation:
Where D is the absorbed dose rate (nGyh -1 ) [6, 20] .
Annual effective dose equivalent (AEDE)
In this case, a conversion coefficient from the absorbed dose in air to the effective dose must take into account value of 0.7 SvGy -1 a conversion factor from air intake to the effective dose received by adults, where the outdoor occupancy factor 0.2 and 0.8 for indoor occupancy factor. It was calculated using the equations [6]: 
External (H ex ) and Internal hazardous index:
In the case of constructing a building using materials with a percentage of radionuclides produced by an external radiation( external hazard index) dose and calculated from the following relationship.
Another hazard index, called the internal hazard index (H in ) that controls the internal exposure to radon and its radioactive progeny, was calculated using the equation:
In order to ensure that there is any harmful effect, the value of internal and external indices should not exceed 1 mSvy -1 to the population, and to keep the radiation hazard negligible [22, 23] .
Excess lifetime cancer risk (ELCR):
Is the possibility of cancer development due to exposure to radiation, taking into account the average age of human 70 years was calculated from the following relationship:
Where DL is the average duration of a lifetime (estimated to be 70 years) and RF is the risk factor (Sv), for stochastic effects, assigned by ICRP as 0.05/Sv for the public [1] .
Annual Gonadal equivalent dose (AGED):
Measurement of the threat resulting from the effect of a certain level of radiation on the gonads called annual gonadal equivalent dose and calculated from the following relationship [24] . . The distribution of radionuclides activity concentrations in the rock samples are higher than the worldwide limit and not safety for human.
The correlation relation between radium equivalent activity and external hazard is shown in Figure (2 Table ( 3). K are higher than the world average values. The distribution of radionuclides activity concentrations in the rock sample varieties affects the values of the absorbed dose rate in the studied rocks and it is higher than the worldwide limit and are not safe for human. The annual effective dose rate exceeded the public permissible values in the studied rock samples, consequently, personal protective masks should be used to protect working personnel from inhalation of alpha particles. This means that these rocks are not safe for human beings from the environmental point of view. From the obtained results we can conclude that the area under study can be used as a mine of natural radioactive elements, and for point of safety, we must protect ourselves from radiation and don't live near the area under study to minimize the exposure time of radiation, and we must repeat the measurements to detect the variation in the concentration of radioactive radionuclides that affect the environment and human.
